Introduction {#sec1-2}
============

Obesity has become a major health problem both in developed and developing countries ([@ref1]-[@ref3]). Nearly 30% of children and adolescents in United States are either overweight or obese ([@ref4]). The prevalance of the comorbidities associated with obesity has increased proportionally. Obese children are more likely to become obese adults. In United States about 70% of adolescents with severe obesity remained severely obese in adulthood ([@ref5]).

Childhood and adolescence obesity has various effects on cardiovascular system related to increased cardiovascular risk in adulthood. The process of cardiac involvement begins early in life which suggests that morbidity and mortality may occur at younger ages ([@ref6], [@ref7]). Dilatation of left ventricular structures, left ventricular (LV) hypertrophy, heart failure, systolic and diastolic dysfunctions are the major obesity-induced changes ([@ref8]). The causes of these changes are controversial. On the other hand, these changes may also reflect the role of comorbidities that contribute to LV dysfunction such as hypertension, diabetes mellitus, coronary artery disease and obstructive sleep apnoea. Detection of these cardiovascular abnormalities in early stages is important because appropriate treatment may reverse the process.

2-dimentional speckle tracking echocardiography (2DSTE) is a newly developed method that evaluates ventricular deformation parameters (strain, strain rate) early in stages of cardiac involvement even in the absence of clinical deterioration.

There are few studies evaluating the LV myocardial deformation parameters in normotensive obese children and adolescents. In this study we aimed to evaluate the LV functions by 2DSTE in obese childen and adolescents to show the preclinical effects of obesity on cardiovascular system.

Methods {#sec1-3}
=======

Study design {#sec2-1}
------------

This study was designed as a cross-sectional observational study.

Study population {#sec2-2}
----------------

This study included 69 children and adolescents (aged between 10-18), who admitted to pediatric cardiology department and general outpatient clinics at Çanakkale Onsekiz Mart University Hospital from October 2012 to July 2013. Thirty-eight of them were obese and 31 were normal weighted. Only 2 obese child (2.8%) were excluded because of poor echocardiographic images. The parents and children were informed of the aim of the study and provided written and verbal consent, respectively and the local Ethics Committee of Çanakkale Onsekiz Mart University approved the study.

Exclusion criteria {#sec2-3}
------------------

Children with history of functional and structural cardiovascular diseases (acquired and congenital), chronic systemic diseases, hypertension, sleep apnea, endocrinological disorders were excluded. Patients with poor image quality were also excluded.

Study protocol {#sec1-4}
==============

Baseline variables {#sec2-5}
------------------

All subjects underwent detailed physical examination. Height, weight, blood pressures and body mass index (BMI) were calculated for each patient.

Body mass index (BMI) {#sec2-6}
---------------------

Body mass index was calculated by the formula; BMI- weight (kg)/height (m)^2^. Obesity was considered if BMI exceeded the 95^th^ percentile for sex and age based reference values.

Blood pressure (BP) {#sec2-7}
-------------------

Blood pressure was measured with an appropriate cuff after children had rested for 10 minutes in the supine position in a silent room. To avoid white coat hypertension, measurements were repeated at the end of echoacardiographic examination. Participants who had systolic and diastolic BP (both at least 3 different occasions) measurements below the 90^th^ percentile for sex and height of the Turkish pediatric population were included in the study. Patients with borderline values were underwent 24- hour ambulatory monitoring to confirm the absence of hypertension.

Laboratory investigations {#sec2-8}
-------------------------

Only obese children underwent detailed hematologic and biochemical laboratory evaluation. Fasting blood glucose and insulin level, homeostatic model assessment of insulin resistance (HOMA-IR), total cholesterol and triglycerids were performed only in obese children and adolescents. (HOMA-IR) was calculated using the following formula: HOMA-IR=fasting insulin (mIU/mL) x fasting blood glucose (mmol/L)/22.5. Insulin resistance was defined as HOMA-IR exceeded 2.5 ([@ref9]).

Echocardigraphic evaluation {#sec2-9}
---------------------------

Transthoracic echocardiography was performed by using a Vivid 7 GE Vingmed, Horten, Norway© echocardiograph. B-Mode grayscale images were obtained from apical 4-chamber, and parasternal short-axis views at the level of the papillary muscle. M-modes of two-dimensional images were obtained from the parasternal long-axis views. Interventricular septal wall thickness, left ventricular posterior wall thickness, and left ventricular internal diameters were measured in all children. Cardiac chamber sizes, and left ventricular systolic and diastolic functions were assessed in accordance with the guidelines of the American Society of Echocardiography ([@ref10]). Systolic functions of the left ventricle (LV) were evaluated using shortening fraction, ejection fraction. Left ventricular mass was calculated using the Devereux formula ([@ref11]). Left ventricular hypertrophy was considered if the left ventricular mass index (LVMI) was above the 95^th^ percentile according to age and sex ([@ref12]). Relative wall thickness (RWT) was calculated by using the formula: RWT=2× (posterior wall thickness/left ventricular end-diastolic volume).

Pulsed Doppler measurements were obtained with the transducer in the apical 4-chamber view, with the Doppler beam aligned perpendicular to the plane of the mitral annulus. Measurements included peak early left ventricular filling wave (E), peak late left ventricular filling wave (A), isovolumic relaxation time, and deceleration time (DT). Tissue Doppler imaging (TDI) was used to determine peak systolic (S'), early diastolic (E'), and late diastolic (A') myocardial velocities at the lateral mitral annulus.

Grayscale images were obtained from the apical 4-chamber and short-axis views (at the level of the papillary muscle) of the LV using tissue harmonic imaging with frame rates between 60 and 90 per second. These images were then processed and stored in cineloop format for subsequent offline analysis. 2D strain values were measured by using a dedicated, customized software package (EchoPAC, Vingmed, General Electric, Horten, Norway) accordance with the guidelines of the American Society of Echocardiography ([@ref10]). The software calculated longitudinal and transversal strains for the respective segments (Peak Systolic Strain, PSS), and the global longitudinal strain (GLS) for the entire U-shaped length of LV myocardium, including the basal, mid, and apical segments of 2 opposite walls in each view ([Fig. 1](#F1){ref-type="fig"}).

![Diagram showing the calculation of longitudinal strain from apical 4-chamber view](AJC-15-151-g001){#F1}

Statistical analysis {#sec2-10}
--------------------

All results were expressed as mean±SD. The Kolmogorov-Smirnov tests were used to detect the normality distribution of the data. The student's t-test was used to compare normally distributed variables and Mann-Whitney U test was used for abnormally distributed variables among groups. Chi-square test was used for comparison of categorical variables. Correlations between variables were evaluated by Pearson's rank correlation test. Multiple linear regression analyses using the stepwise method were performed to assess the independent variables (age, body mass index, insulin resistance, systolic blood pressure, diastolic blood pressure, left ventricular diameters and LVMI (g/m^2.7^) affecting the dependent variable GLS. SPSS v 13.0 (SPSS Inc., Chicago, IL, USA) was used for analyses, with p values \<0.05 considered significant.

Results {#sec1-5}
=======

Clinical features {#sec2-11}
-----------------

Thirty eight obese children and adolescents (20 male, 18 female) and 31 (21 male, 10 female) normal weighted children were recruited. [Table 1](#T1){ref-type="table"} summarizes the sample characteristics of the children enrolled in the study.

###### 

Clinical features of study groups

  Parameter      Obese group (n:38)   Control group (n:31)   P[\*](#t1f1){ref-type="table-fn"}
  -------------- -------------------- ---------------------- -----------------------------------
  Age, year      12.2 (10-17)         15 (11-16)             0.003
  Sex, M/F       20/18                21/10                  0.118
  Weight, kg     73.20±14.44          50.80±13.26            \<0.001
  Height, cm     155.06±11.40         157.29±15.21           0.490
  BSA, m^2^      1.77±0,22            1.48±0.24              \<0.001
  BMI, kg/m^2^   30.32±4.65           20.58±5.80             \<0.001
  SBP, mm Hg     110 (90-130)         110 (80-129)           0.075
  DBP, mm Hg     70 (50-80)           60 (48-80)             \<0.001

Data are presented as the mean value±SD, median (interquartile range) or number or percentage of patients.

Student t-test, Mann -Whitney U test, chi-square test p\<0.05 considered statistically significant.

BMI - body mass index; BSA - body surface area; DBP - diastolic blood pressure; SBP - systolic blood pressure

Although statistically insignificant, obese children had increased systolic blood pressures compared with control group (p=0.0759) but diastolic blood pressure was significantly higher in obese group (p\<0.001).

Conventional and tissue Doppler echocardiographic parameters {#sec2-12}
------------------------------------------------------------

Indicators of left ventricular systolic functions (ejection fraction and fractional shortening) were not different between groups. Left ventricular end-diastolic diameter (LVDd), left ventricular end-systolic diameter (LVDs), interventricular septal thickness (IVSD), left ventricular posterior wall thickness (LPWD) and left ventricular mass (LVM) corrected for height^2.7^ were significantly higher in obese group. RWT was similar in both groups. M-mode measurements, conventional Doppler and tissue Doppler-derived parameters in obese and control group are shown in [Table 2](#T2){ref-type="table"}. Left ventricular diastolic functions were not different between groups. Only DT was significantly higher in obese patients (\<0.001).

###### 

M-mode, conventional and tissue Doppler echocardiographic parameters of study groups

  Parameter        Obese group (n:38)   Control group (n:31)   *P*[\*](#t2f1){ref-type="table-fn"}
  ---------------- -------------------- ---------------------- -------------------------------------
  LVDd, mm         45.13±5.04           42.19±2.48             0.004
  LVDs, mm         28.57±3.90           26.14±3.74             0.011
  IVSd, mm         8.87±1.41            7.34±1.11              \<0.001
  LPWD, mm         8.50±1.57            7.25±1.36              0.001
  LVMI, g          129.13±34.88         101.22±30.14           0.001
  LVMI, g/m^2.7^   39.51±9.71           29.95±8.18             \<0.001
  LVMI, g/m^2^     72.50±15.23          67.77±12.99            0.176
  RWT, mm          0.38±0.08            0.34±0.06              0.055
  EF, %            66.39±5.66           65.67±4.48             0.568
  FS, %            36.28±4.34           35.90±3.54             0.692
  E, m/sec         1.02±0.18            1.01±0.19              0.908
  A, m/sec         0.6±0.17             0.58±0.15              0.622
  E/A              1.72±0.41            1.79±0.41              0.490
  E', m/sec        0.19±0.3             0.19±0.03              0.992
  A', m/sec        0.07±0.02            0.08±0.09              0.670
  E'/A'            2.59±0.79            3.01±0.99              0.052
  DT, msec         158.52±28.95         116.77±30.87           \<0.001

Data are presented as the mean value±SD.

Student t-test, p\<0.05 considered statistically significant.

DT - deceleration time; EF - ejection fraction; FS - fractional shortening; IVSd -interventricular septum end-diastolic thickness; LVDd - left ventricular end-diastolic diameter; LVDs - left venticular end-systolic diameter; LVM - left ventricular mass; LVMI - left ventricular mass index; LPWD - left ventricular posterior wall thickness; RWT - relative wall thickness

2-D speckle tracking echocardiography {#sec2-13}
-------------------------------------

Longitudinal strain values of all lateral segments were significantly lower in obese group. Mid and apical septal strain values were also lower in obese group. Global longitudinal strain values were lower in obese group (p=0.001) ([Table 3](#T3){ref-type="table"}).

###### 

Longitudinal 2D speckle tracking-strain values

  ------------------------- ------------- ------------- ------------------ -------------------- -----
  Apical 4 chamber strain   Septal        **Segment**   **Obese (n:38)**   **Control (n:31)**   *P*
  Basal                     -20.02±3.09   -19.99±3.21   0.968                                   
  Mid                       -19.63±3.78   -21.31±2.56   0.038                                   
  Apical                    -16.86±5.47   -19.95±3.58   0.009                                   
  Lateral                   Basal         -14.26±6.46   -18.24±4.39        0.005                
  Mid                       -13.75±5.69   -18.10±3.68   \<0.001                                 
  Apical                    -13.83±5.22   -17.05±4.97   0.012                                   
  Longitudinal strain       -16.39±3.64   -19.11±2.22   0.001                                   
  ------------------------- ------------- ------------- ------------------ -------------------- -----

Data are presented as the mean value±SD

\*Student t-test, p\<0.05 considered statistically significant

Radial strain values of anteroseptal, anterior and lateral segments were lower in obese children but they were statistically insignificant ([Table 4](#T4){ref-type="table"}).

###### 

Radial 2D speckle tracking-strain values

                         Segment        Obese (n:38)   Control (n:31)   *P*
  ---------------------- -------------- -------------- ---------------- -------
  Radial Strain          Anteroseptal   36.09±13.90    38.72±17.96      0.495
  Anterior               37.40±18.15    43.05±20.76    0.232            
  Lateral                41.46±19.92    46.24±21.30    0.340            
  Posterior              44.54±21.44    48.47±19.50    0.433            
  Inferior               47.73±18.57    45.52±16.72    0.609            
  Septal                 44.30±16.32    40.21±16.15    0.302            
  Global radial strain   41.92±16.11    43.70±16.03    0.646            

Data are presented as the mean value±SD

\*Student t-test, p\<0.05 considered statistically significant

Circumferential strain values of anteroseptal, anterior, posterior, inferior and septal segments were lower in obese children but compared with control group only posterior and inferior values were significantly lower ([Table 5](#T5){ref-type="table"}).

###### 

Circumferential 2D speckle tracking-strain values

                                  Segment        Obese (n:38)   Control (n:31)   *P*
  ------------------------------- -------------- -------------- ---------------- -------
  Circumferential Strain          Anteroseptal   -22.09±6.23    -22.87±3.64      0.537
  Anterior                        -18.97±6.53    -21.04±8.36    0.252            
  Lateral                         -11.34±9.9     11.32±5.17     0.999            
  Posterior                       -6.26±10.86    -11.16±4.61    0.022            
  Inferior                        -11.44±6.71    -15.26±4.53    0.009            
  Septal                          -19.73±6.47    -21.05±4.57    0.343            
  Global circumferential strain   -14.97±5.60    -16.96±2.05    0.065            

Data are presented as the mean value±SD.

\*Student t-test, p\<0.05 considered statistically significant.

Patients with higher LVM and higher BMI had reduced GLS values (p=0.026, r=0.269/ p\<0.001, r=0.440) ([Fig. 2](#F2){ref-type="fig"}, [3](#F3){ref-type="fig"}). There was a significant positive correlation between HOMA-IR and LV mass (g) (p=0.046, r=0.326). There was not a significant correlation between GLS and HOMA-IR, SBP (p=0.967, p=0.170). But we found positive correlation between GLS and LVDd, GLS and DBP (p=0.033 and p=0.004). Final stepwise multiple linear regression analysis didn't determine any correlation between GLS and DBP as well as LVDd.

![Correlation of GLS with BMI](AJC-15-151-g002){#F2}

![Correlation of GLS with LV mass](AJC-15-151-g003){#F3}

In multivariable analysis global left ventricular longitudinal strain (GLS) was significantly correlated with BMI (β: 0.440, p:0.001; 95% CI: 0.104-0.311) ([Table 6](#T6){ref-type="table"}), whereas age, HOMA-IR, SBP, DBP, left ventricular diameters and LVMI (g/m^2.7^) were not significantly correlated.

###### 

Results of multiple regression analysis for dependent variable BMI

                β       *P*     95% CI
  ------------- ------- ------- -------------
  **Model 1**                   
  BMI           0.440   0.001   0.104-0.311

Dependent variable: Global longitudinal strain Independent variables: age, body mass index, insulin resistance, systolic blood pressure, diastolic blood pressure, left ventricular diameters and LVMI (g/m^2.7^)

Discussion {#sec1-6}
==========

Obese children and adolescents had reduced LV strain values obtained by 2DSTE in the absence of hypertension when compared with normal weighted peers.

Obesity can cause functional and structural abnormalities in cardiovascular system such as increased LV diameters and mass, eccentric hypertrophy, systolic and diastolic dysfunctions and heart failure ([@ref13]-[@ref16]). Elevation of peripheral vascular resistance due to excessive fatty tissue, elevated peripheral stiffness, increased pre- and afterload are possible mechanisms ([@ref17]).

There are many studies reporting systolic dysfuntion in obesity. But in contrast, few studies found systolic functions in normal limits ([@ref18]). Because EF can easily be effected from pre-and afterload changes, this parameter should not be used to evaluate systolic functions in obesity. Diastolic dysfunction has also been described in children and adolescents ([@ref19]-[@ref21]) and many studies suggested that LV diastolic dysfunction may be an early finding in obesity. The reason of diastolic dysfunction in obesity is the reduced myocardial relaxation due to obesity induced-LV hypertrophy.

Studies using newer and more sensitive parameters such as strain and strain rate, had showed incipient systolic dysfunction even in the presence of normal LV ejection fraction ([@ref22], [@ref23]). 2DSTE provides several advantages, including better reproducibility, evaluation of radial and circumferential strains, and quantitative evaluation of twist, rotation and torsion movements. In comparison to tissue Doppler echocardiography, 2DSTE is angle-independent and it is not affected from pre-and afterload variations and does not require as high frame rates, and allows straightforward measurement of radial and circumferential strain in addition to longitudinal strain ([@ref24]). In our study, conventional M-mode echocardiography determined higher LVDd, IVSD, LVM in obese as expected and conventional indices of systolic function, such as EF did not differ between groups, whereas LV strain values were found to be lower in the obese patients. This result suggests incipient systolic dysfunction.

Insulin resistance, hypertension and type 2 diabetes mellitus are comorbide problems in obesity. Myocardial dysfunction worsens due to the contribution of insulin resistance with hypertension ([@ref25]). So it is of clinical importance to determine the early effects of comorbidities in normotensive obese children. Because evaluating the effect of obesity in children without hypertension, and without other appreciable cause of heart disease, might have offered the unique clinical opportunity to exclude the effects of possible comorbidities on LV functions. Di Salvo et al. ([@ref26]) showed that obesity, in the absence of hypertension, is associated with significant reduction in systolic myocardial deformation parameters. Our results of 2DSTE showed signs of early myocardial deformation in the presence of normal standart systolic indices. Insulin resistance measured by HOMA-IR, is another comorbide problem in obesity. It is especially a main risk factor for cardiovascular diseases. Our results showed significant positive correlations of HOMA-IR with LV mass in the obese children. Therefore, these data suggest that increased insulin resistance is significantly associated with increased LV mass, indicative of LV myocardial dysfunction in obese children. But we could not find any correlation between HOMA-IR and GLS.

All obese patients irrespective of their GLS values, were scheduled for one year later to undergo 2DSTE for the evaluation of recovery of myocardial deformation parameters (especially for GLS) after the treatment for insulin resistance and after weight loosing. Because duration of morbid obesity is an important determinant of LV mass, systolic function, and diastolic filling ([@ref27]).

Study limitations {#sec2-14}
-----------------

Our study group is a relatively small group. Additionally the study group didn't undergo echocardiographic examination after the treatment for insulin resistance. But in future, we planned to evaluate cardiac changes after treatment for insulin resistance and after losing weight. The other limitation is that twist, rotation and torsion were not evaluated in our study which are other methods to detect subclinical dysfunction. The last limitation is that we did not perform intra and interobserver variability because the echocardiologist has enough experience about strain and strain rate echocardiography.

Conclusion {#sec1-7}
==========

In conclusion, in normotensive obese children and adolescents, systolic parameters which are evaluated by standart echocardiographic methods may be in normal limits. However, LV strain parameters obtained by 2DSTE were diminished compared to normal subjects indicating that obesity in childhood is linked to decreased myocardial deformation even in the absence of comorbidities in early stages. This result should provide the pediatricians to struggle against this public health problem more strongly.
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